SUMMARY Children living near a lead works and children of employees at the works were selected in order to analyse the lead content of their blood as the biological counterpart of a monitoring exercise for lead in the environment. The overall mean for the 262 children in the survey was 0-91 imol/l and results were within the normal reference range of 0.-3 to 1 .8 for all except two children. The results compared favourably with similar areas, and with a survey in the same area in 1972.
Introduction
In 1971 the Chief Medical Officer of the Department of Health and Social Security advised Medical Officers of Health to review areas of potential lead hazard within their districts. In the London borough of Greenwich an area containing a lead works was selected for investigation.
This works has existed on its present site for about 40 years. Its operations include rotary smelting furnaces, ancillary plant and cable burning furnaces, and a refinery for the production of lead and lead alloys. Houses have been built on three sides of the factory, most recently in the London borough of Bexley, adjoining Greenwich. On its southern flank alone, the streets are of an earlier period. The possibility of exposure to lead was clearly a matter of concern to the public as well as the employees. A survey of the atmosphere surrounding the factory was carried out by agreement between officers of the London boroughs of Greenwich and Bexley, the Alkali and Clean Air Inspectorate, the Greater London Council Scientific Branch, the Factory Inspectorate, and the company.
Samples of dust and soil were collected from 44 sites (28 in Greenwich, 16 in Bexley). First results indicated levels of contamination higher than expected in the general atmosphere, but not appreciably different from those at comparable sites elsewhere. Not surprisingly, the higher levels were at the entrance to the works.
The company, anxious to keep down pollution, undertook to put in hand without delay all the improvements required by the district Alkali and Clean Air and Factory Inspectors. It was also thought desirable to investigate the blood lead levels in children living near the works. In 1972, blood samples from 65 pre-schoolchildren were tested, but all were within acceptable limits. The mean of the results was the equivalent of 1 * 3 j.mol/l.
Employees' children were also offered the test, but the response was disappointing. The results for these children were all within acceptable limits.
Their mean was equivalent to 16 ,uimol/l.
In 1973 the results obtained from lead deposit gauges at certain points still indicated contamination above the normal level. Analyses of flue emission were satisfactory, and this led to the conclusion that the contamination was mainly dustborne. Once again the company accepted and acted upon advice to introduce a series of measures designed to reduce the amount of dust. Throughout the investigation, no evidence came to light that the health of the inhabitants living in the locality of the works was being endangered by base metal atmospheric pollution; nevertheless, because of intermittent high deposit levels in close proximity to the works, monitoring continued. (Delves, 1970) . The number of samples taken was 352, but analysis of the first batch revealed spoilage due to contamination of some samples with the ordinary background lead. In spite of the careful preparations that were made to prevent this from happening, the degree of spoilage ruled out further testing, and the parents had to be offered repeat sampling by venepuncture for their children. Three-quarters of the repeat invitations were accepted, and 262 blood samples were taken by this method. Of this total, 191 samples were from children living in the survey area (hereafter described as community children) and 71 were from the children of employees, some of whom lived in the survey area. The loss of 90 participants did not appreciably alter the proportional distribution of the 262 children.
Results
The results of the analyses are set out by age and sex in Table 1 for community children and in Table 2 for employees' children.
All except two of the results were within the normal reference range and the overall mean for the 262 children was 0'91 jmol/l with a standard deviation of 0-2755. This was below the mid-point of the normal reference range. The mean for community children was 0-88 pmol/l with a standard deviation of 0'26, and the mean for employees' children was 1 *02 imol/l with a standard deviation of 0 30. This difference is statistically significant, being over three times its standard error (Table 3c ) and it is similar to the difference found in Manchester (Elwood et al., 1977) . The distribution of these results, represented by the Figure, compares favourably with the biological quality guide for standards in the European Economic Community (Zielhuis, 1974) . The results of the various groupings showed some significant differences. The readings and their standard deviations tended to be higher in the younger age groups, and this was significant at ages under 10 (Table 3a) . Boys had higher readings than girls in the central as well as in the peripheral parts of the area. The significance of this difference (Table 3b) is diminished when allowance is made for the average age of all boys (7*8) as against that for all girls (8 '4).
In Tables 4 and 5 , the results are set out according to site of residence. Proximity of community children to the lead works was associated with a mean significantly higher (0 13 tmo l) than that for dwellers on the periphery (Table 4 ). The central area had a higher proportion of younger children, but if the figures are adjusted so as to apply the age distribution of the outer area to the blood lead levels in the central area, it is still significant (P<0'01). In a study in the London borough of Tower Hamilets there was also a clear difference between central and peripheral areas (Martin, 1974) . The warning issued by the Chief Medical Officer in October, 1976, about the use of Bal Jivan Chemco Baby Tonic and the possible use of cosmetics containing lead prompted a separate assessment of Afro-Asian children. There were 12 in the survey, and the mean of the results for them was 1 * 13 1±mol/l. The prevailing wind towards the eastern half of the survey area was not associated with a higher mean reading in that half; in fact the mean for the eastern half was 0 83 as against 0 94 pmol/l in the western half.
A separate analysis was made of children whose group.bmj.com on April 13, 2017 -Published by http://jech.bmj.com/ Downloaded from blood lead levels were 1 3 timol/l or higher, in view of the use of 25 pg/100ml as a cut-off point in a study of 94 children in New York, which suggested that low lead toxicity was a factor in borderline and mild retardation (David et al., 1976) . Waldron (1975) also supported a lower value than 1 9 jmol/l to allow for discrimination. In the present survey there were 26 such children, including two with levels just above the normal reference range. These two were the first to be investigated. One was a 'community' girl aged six with a level of 2 pmol/l, whose brother, aged four, had a level of 1 * 8 jmol/l. There were full and satisfactory health records for the girl and her brother, and a satisfactory school medical record for the girl. There were no defects and no developmental delay was detected. They lived on a caravan site adjacent to an enclosure used for dumping lead batteries.
The second child, aged three, was the daughter of a works employee living in the periphery of the survey area. Her blood lead level was 2 -2 pmol/l.
Her three siblings, aged five, six, and eight, had readings of 16, 1'7, and 11 mol/l respectively. Her development had been normal, and a medical examination carried out because of the blood lead result did not reveal anything unusual. The family had formerly lived on the caravan site and the father had once worked as a painter. All the children in both families were referred to a paediatrician who reported favourably.
The mean blood lead level of these 26 children was 1 51 pmol/l. The average ages of the 10 boys and 16 girls in this group were, however, lower than those of all boys and girls in the survey by 1I6 and 3 2 years respectively. These lower averages were almost the same for employees' children. A similar mean of 1 52 imol/l for the 12 employees' children in the group implied that the overall higher mean for this category was largely due to employees' children in the main group of 236 with readings below 1 3 pmol/l. The means for community and employees' children in this main, 'lower level' group were 0-83 and 0 91 1tmol/l respectively.
After the families of these two 'borderline' girls had been investigated, information was sought about the remaining 21 children in the group of 26. The aim was to find out whether they might have had a history of pica or slow development, and to uncover any unusual features such as hyperactivity, retardation of unknown aetiology, use of play material or playgrounds with possible access to lead, or references to paediatricians, psychologists, neurologists, or child guidance clinics. One employee's child aged 12 in the outer half of the area, with a blood lead level of 16 pmol/l, was said to be hyperactive but otherwise normal. A sibling aged seven with a level of 1 *4 pmol/l was a normal healthy child. A community child aged two in the central area, with a blood lead level of 1 4 1tmol/l, was mentally and physically handicapped, but the twin of this child was normal and had a level of 1 imol/l. Another sibling had a level of 1 -2 imol/l.
It was possible to re-test seven children originally tested in 1972 whose addresses had not changed. The results for them were very little changed, from a mean equivalent in 1972 of 1'33 pmol/l to 1 27 pmol/l in 1977. One child aged seven with the highest blood lead level in the 1972 survey (an equivalent of 1-8 pmol/l) had a level of 1 3 pmol/l in 1977, and was normal and healthy. The family had lived at the same address in the central area for almost the whole of the mother's life, in a house said to be 100 years old. An evaluation of age of house and length of residence in the various groups did not reveal any significant differences. Children in the oldest houses had a mean level of 0 85 tmol/l.
Most of these houses were in the south-west sector, but the distribution of results there was no different from that in the general survey.
Other areas
The results have been reported of recent independent blood lead surveys of children under the age of five carried out between 1973 and 1975 near Manchester and Dagenham lead smelting plants manufacturing lead acid batteries. The mean equivalent blood lead levels in Dagenham were 1 04 ,umol/l for children living within one mile of the works, 1 05 jmol/l for children living more than one mile from the works, and 1 3 ,umol/l for employees' children. (Chloride Group Ltd press release, 1975) . In Manchester the equivalent readings were 1 * 32, 1 * 29, and 1 -6 jmol/l respectively (Elwood et al., 1977) . In Tower Hamlets a survey in 1971 showed that 41 % of 39 preschoolchildren living within 400 metres of a lead works had blood lead levels exceeding the equivalent of 1 94 .imol/l, as against 13'7% of 80 preschoolchildren living in the 400-500 metre range. The highest levels were found in four of the preschoolchildren. Three of them had levels equivalent to 3 02, 3'54, and 3-14 tmol/l respectively, lived close to the works, and had fathers working there.
The fourth had a level equivalent to 3-62 tmol/l, lived in the 400-500 metre range, and showed evidence of pica. (Personal communication, Dr W. C. Turner, Associate Medical Officer of Health of Tower Hamlets, 1971; Martin, 1974) . A survey repeated in 1974 showed much improvement.
Blood lead levels over 1-45 ttmol/l (30 mg/100 mi) were found in 22-3% of the pre-schoolchildren, compared with 56 3% in 1971. In Greenwich in Monitoring of lead in the environment 1976, this level was exceeded in 16-6% of the preschoolchildren (including employees' children). The distribution of these results is shown in Table 6 . The mean differences between the Tower Hamlets results of 1971 and 1974 for children in all age groups were statistically significant, and the equivalent blood lead levels for preschool and 
Discussion
Lead in the environment and experimental work related to it have been discussed by Clayton (1975) . In references to mental development, she discounted the interpretation of David et al. (1972) of their findings about high lead concentrations in hyperkinetic children. Bicknell et al. (1968) , in a study on pica, explained earlier findings of raised blood lead levels in mentally subnormal children (Moncrieff et al., 1964) by her observations that children with pica were more alike in their current behavioural pattern than in their past history, and that the greater incidence of pica and other behavioural problems in the disturbed, retarded child was likely also to be associated with a raised blood lead level if there was lead in the child's surroundings.
In the Greenwich study there was no reason to think that lead intake from the diet (Ministry of Agriculture, Fisheries and Food, 1972) and the air was other than average or below average. Airborne sampling at about the time of this survey at sites within the area of the survey gave average levels of up to 2 micrograms Pb/m3, and were reckoned to be within the normal range for an urban area. Below this level, regression lines for such volumetric readings and blood leads were found to be invalid (National Academy of Sciences, Washington DC, 1972) but there was little doubt that they compared favourably with similar areas (Department of Employment, 1972) . This level was only moderately exceeded on the edge of the works itself. Results of the biological monitoring of community and employees' children were within a normal distribution, and did not suggest increased intake due to the presence of the lead works. Children with blood lead levels above 1*3 pmol/l were normal and healthy. The higher mean for community children living nearest to the works was a finding similar to that of Lansdown et al. (1974) , who discovered higher lead levels in children closest to a lead factory. They also found that these levels were unrelated to IQ results or disturbed behaviour; in fact the IQs were somewhat higher and the incidence of disturbed behaviour and hyperactivity was lower in those who had lived their first two years in the polluted area compared with those who had moved into the area. The Greenwich findings also tended to support those of Hebel et aL (1976) on school examination results and lead pollution in Birmingham. The satisfactory results for employees' children obtained in Greenwich were encouraging in view of the anti-pollution and health and safety measures already being taken at the lead works. In a lead works in Vermont, the equivalent levels for employees' children and control children were significantly different at 154 and 1X03 jmol/l respectively (Center for Disease Control, 1977b) , and at a lead smelter in Memphis where there was a need for chelation therapy in some cases (Baker et al., 1977) work practices may have contributed to the severity.
In the United States Surveillance of Childhood Lead Poisoning, 2-7% of children tested had a blood lead level equivalent to 2-4 tmol/l or higher, and more than half of the houses inspected had a lead hazard. (Center for Disease Control, 1977a). It was gratifying to find that in the present survey housing was not identified with hazard.
Advice was given by Needleman (1977) to the Massachusetts legislature on the need to strengthen the Lead Paint Act. He referred to his studies on dental tissue, in which asymptomatic children from areas where lead poisoning was endemic had five times the lead levels of children from non-leaded environments. The tendency in this survey for blood lead levels to be higher in the younger age groups is interesting in view of the highly significant differences found in a Birmingham survey of deciduous teeth; the earlier teeth (incisors) had higher lead concentration, possibly reflecting a higher exposure to lead (Stephens and Waldron, 1976) 
